The farinose exudate produced by Primula palinuri was found to consist of 12 flavones at least. Two of them are novel natural compounds, 2'-hydroxy-2-methoxychalcone and 8,2',5'-trihydroxyflavone 5'-benzoate. The structure was determined by analysis of MS and 2D NMR spectral data and spectral comparison with the known compounds.
The farinose excretion found on aerial parts of many Primula species (Primulaceae) is known to consist of unsubstituted flavone and of compounds with unusual substitutions such as 5-hydroxy-, 2'-hydroxy-, 5,8-dihydroxy-, 5,2'-dihydroxy-, 8,2',5'trihydroxy-, 5-hydroxy-6,2´-dimethoxy flavone etc. [1, 2] . As part of continuing studies on the exudate composition of Primula species, we now investigated the exudate of Primula palinuri Petagna. Its inflorescences exhibit a conspicuous white "farina". We report herein the structure elucidation of two novel flavonoids.
Figure 1
The farinose exudate of P. palinuri was separated by column chromatography on silica to yield several major products in crystalline form: flavone (1), 5-hydroxyflavone (2), 2´-hydroxyflavone (3), and 5,2´-dihydroxyflavone (4) . These were readily identified by direct comparison with respective markers. A series of minor components were either directly identified by comparison with markers, or after isolation by preparative TLC on silica. These comprised 2´-methoxyflav-one (5), 8,2´-dihydroxyflavone (6), 2´,5´-dihydroxyflavone (7) , 2´-hydroxy-5´-acetoxyflavone (8), 5,8,2´-trihydroxyflavone (9), β,2´-dihydroxychalcone (10), 2,2´-dihydroxychalcone (11) [3] . Two further components, 12 and 13, required detailed spectral anaylsis.
Compound 12, a light yellow amorphous product, mp 108 o C, showed its M + signal at m/z 254, indicating that 12 is a chalcone with one hydroxyl and one methoxyl group. It further exhibited M + −Me at m/z 239, M + −OMe at m/z 223, a B-ring fragment at m/z 134, which shows the presence of the methoxyl group on the B-ring, and an A-ring fragment at m/z 121, proving the presence of the hydroxyl group on the A-ring, respectively. In total the MS spectral data nicely matched that published for synthetic 2´-hydroxy-2-methoxychalcone [4] . Compound 13 was obtained as a colorless amorphous product, mp 293 o C. Its TLC properties indicated 13 had a flavone skeleton. In the EIMS, M + was observed at m/z 374, which showed that its molecular formula was C 22 H 14 O 6 . Furthermore, significant fragments appeared at m/z 270, 137, 108 (base ion) and 77. The 1 H NMR spectrum (Table 1) . The above mono-substituted benzene ring could be characterized as a benzoyl group by the following reasons: a long range correlation was observed between H-2"(6")/C-7" (δ 164.9) in the HMBC spectrum ( Figure 2 ) and the base ion peak (C 7 H 5 O: m/z 105) in the EIMS was equal to the group. Then the fragment peak at m/z 270 was corresponding to that of trihydroxyflavone. The sets of three aromatic protons assigned to 1,2,4-trisubstituted benzene was allotted to a 2,5-dioxygenated phenyl group by analysis of HMBC spectrum ( Figure 2 ). The aromatic proton (δ 7.27) in singlet assignable to H-3 was observed in the lower field than that of usual flavones (ca. δ 6.7), which indicated that C-2' was oxygenated [6] . In the HMBC spectrum, the proton signal (δ 7.88) of the 2,5-dioxygenated phenyl was correlated with an oxygenated quaternary carbon signal (δ 159.1) which assigned to C-2. A HMBC correlation through 3 J was observed between H-3 (δ Η 7.27) and C-1' (δC 118.0). Therefore, compound 13 was a 2',5'-dioxygenated flavone. Accordingly, the remained three proton signals based on the 1,2,3-benzene ring were due to those of A-ring. The A-ring substitution whether 5-or 8-oxygenated was decided as follows: In the 13 C NMR spectrum, five oxygenated quaternary carbon signals were observed (Table 1) . Three signals at δ 159.1, 155.0 and 142.7 among them were assigned to C-2, 5' and 2', after analysis of CH COSY and HMBC spectrum. Then the remaining two signals at δ 145.5 and 146.8 could be allotted to those of the A-ring. The two oxygenated quaternary carbon signals resulted in the carbon atoms of a catechol unit, and assigned to those of C-8 and 9 of a flavone skeleton. Thus the A-ring substitution was determined that C-8 was oxygenated, which was further confirmed by HMBC correlation (Figure 1 farinose exudate of Primula pulverulenta [7] had the same A-ring oxidation as 13. In the 1 H NMR spectrum, the chemical shift of A-ring protons in both compounds was super-imposable, and the unusual J value (ca 4-5 Hz) of ortho-coupling was also observed in both compounds. Then the structure of A-ring in 13 had surely 8-hydroxyl moiety. On the other hand, comparison of the B-ring chemical shifts of 13 with 2',5'-dihydroxyflavone ( Figure 3 ) which had also been isolated from P. japonica and P. pulverulenta [8] , revealed that H-4' and H-6' were shifted in lower field and H-3' shifted in upper field, which indicated that the benzoic acid was esterified at C-5'. Therefore the structure of 13 was determined to be 8,2',5'-trihydroxyflavone 5'-benzoate (Figure 1 ).
Acylation usually occurs at the sugar moiety of flavonoid glycosides. However, acylated flavonoid aglycones such as 13 and 2',5'-dihydroxyflavone 5'-acetate [8] found in Primula species are very rare in nature [3] . 8,2',5'-Trihydroxyflavone 5'-benzoate (13) is only the fourth natural flavone of this type. 2´-Hydroxy-2-methoxychalcone (12) also exhibits the unusual substitution pattern of typical Primula exudate flavonoids, all of which are lacking 7-O-substitution. The new products thus underline the assumption that the glandular cells producing these compounds have their own particular biosynthetic capacity, i.e. that externally accumulated Primula flavonoids are produced by an aberrant biosynthetic pathway [9] .
Experimental
Inflorescences of Primula palinuri were collected in the Botanischer Garten München-Nymphenburg. A voucher is kept in the herbarium of the Botanische Staatssammlung (M). Fresh inflorescences were briefly rinsed with acetone to dissolve the farinose exudate. The flavonoid mixture obtained after evaporation of the solvent was re-dissolved in toluene and subjected to column chromatography on silica, eluted with toluene and increasing amounts of MeCOEt and MeOH. Fractions were monitored and comparisons with markers were achieved by TLC on polyamide (DC 11, Macherey-Nagel) with the solvents: 
